of alcohol in microsomal ethanol oxidation. ALCOHOL 2(I) [23] [24] [25] [26] 1985.--The form of liver microsomal cytochrome P-450 induced by chronic administration of ethanol to rabbits, designated as P-450ALC or P-450 isozyme 3a, has been purified to homogeneity as judged by several criteria, including NH2-and COOH-terminal amino acid sequence determination. The reconstituted alcohol-P-450 oxygenase (APO) system containing P-450ALC and NADPH-cytochrome P-450 reductase catalyzes the oxidation of a variety of primary and secondary alcohols to aldehydes and ketones, including methanol, ethanol, n-propanol, n-butanol, 2-butanol, n-pentanol, and cyclohexanol. Other purified P-450 cytochromes, including isozymes 2, 3b, 3c, 4, and 6, are much less active than P-450ALC in the oxidation of alcohols. That P-450ALC functions in ethanol oxidation in liver microsomal membranes as well as in the reconstituted system was shown by immunochemical experiments involving inhibition by sheep anti-P-450ALC antibodies. We conclude that P-450ALC is the predominant ethanol-oxidizing cytochrome present after induction by chronic alcohol administration and that the other P-450 cytochromes have low but significant activity in both control and ethanolinduced animals.
FOLLOWING the solubilization and reconstitution of the hepatic microsomal cytochrome P-450 enzyme system from fractions containing the cytochrome, NADPH-cytochrome P-450 reductase, and phosphatidylcholine [ 14, 15] , this laboratory turned its attention to the question of whether the many known activities are due to one or more forms of the cytochrome. The separation and purification of multiple forms of cytochrome P-450 several years later permitted their characterization as isozymes having distinct chemical, physical, and catalytic properties [9] , and it is now widely accepted that the hepatic P-450 family consists of members having somewhat different but overlapping substrate specificities. The multiplicity of P-450's has been reviewed elsewhere [4, 5, 16] . Although it would be highly desirable to name the individual oxygenases on the basis of function (that is, according to the substrate preferentially attacked) the overlap is such that various laboratories have resorted to designating the liver microsomal P-450 isozymes by relative electrophoretic mobility, inducers used, chronological order of discovery, spin state, or other arbitrary methods. On the other hand, many of the P-450"s in endocrine tissues appear to be quite specific in the site of hydroxylation of a particular steroid and are named accordingly, such as P-450~ for the steroid 11/3-hydroxylase [5] .
This laboratory has purified and characterized a unique isozyme of P-450 from liver microsomes of ethanol-treated rabbits [6, 10, 19] . This cytochrome was designated as P-450 isozyme 3a on the basis of its electrophoretic mobility relative to that of the previously isolated cytochromes, but we also refer to it functionally as P-450ALC because of its activity toward ethanol and other alcohols. The possible role of cytochrome P-450 in alcohol oxidation has been the subject of much debate, as reviewed previously [7, 10, 19, 28] , and no attempt will be made here to recount earlier contributions in detail. Mention should be made, however, of the contribution of Lieber and colleagues, who attributed the enhanced alcohol metabolism in microsomes from alcoholtreated rats to a hepatic microsomal ethanol-oxidizing system distinct from the known systems involving alcohol dehydrogenase and catalase [13] and reported an increase in two proteins following ethanol treatment and solubilized and reconstituted the microsomal ethanol-oxidizing activity [21] . Clearly, the isolation and characterization of a purified enzyme that is enhanced by ethanol treatment of the animals and has significant ethanol-metabolizing activity [10] were essential to a biochemical understanding of the microsomal system.
The present paper is concerned with the catalytic properties of P-450ALC in comparison to those of the other known hepatic cytochromes and with immunochemical evidence that this P-450 isozyme plays a role in ethanol oxidation in liver microsomal membranes. On the basis of the known involvement of the P-450 oxygenases in the oxidation of ethanol and other alcohols to the corresponding aldehydes and ketones, recommendations on terminology are made.
RESULTS AND DISCUSSION

Activity of Various Alcohols With Ethanol-Induced P-450
The rates of oxidation of several alcohols by P-450ALC are tThis research was supported by Grant AA-06221 from the National Institute on Alcohol Abuse and Alcoholism. 2Requests for reprints should be addressed to M. J. Coon. The values presented were determined in a reconstituted system containing 0.1 p.M P-450, 0.3 ~M NADPH-cytochrome P-450 reductase, 30 /zg/ml dilauroyiglyceryi-3-phosphorylcholine, 0.05 M potassium phosphate buffer, pH 7.6, and 1.0 mM NADPH as the last addition in a final volume of 1.0 ml. The temperature was 30"C. Substrates were at the concentration indicated in the table; all were at enzyme-saturating levels except cyclohexanol, which was at about the KM level; higher concentrations of cyclohexanol appeared to exceed solubility. Acetaldehyde, butyraldehyde, and valeraldehyde were determined by gas chromatography of the headspace gas of the reaction mixtures; for cyclohexanone determination, a dichloromethane extract of the reaction mixture was dried and concentrated before analysis by gas chromatography.
shown in Table 1 . Both primary and secondary alcohols are attacked, to give aldehydes and ketones, respectively, and it is obvious from the data given that higher molecular weight alcohols are as good as or in some instances better substrates than ethanol. In the experiments shown the reductase by itself had very low but significant activity. In studies in which the reductase had low but significant activity due to the presence of traces of iron, we reported than methanol is a relatively poor substrate and that n-propanol is superior to ethanol [19] . Since catalase has little activity toward propanol or butanol [3] , it is evident that our purified P-450 preparation was not contaminated by catalase. Furthermore. since oxidized pyridine nucleotides do not support alcohol oxidation by P-450, alcohol dehydrogenase activity can also be excluded. P-450ALC had only very weak activity toward drugs that were tested but had a turnover number for aniline p-hydroxylation comparable to the value for ethanol oxidation. Since ethanol administration to animals is known to enhance the aniline hydroxylase activity of rat [24] and rabbit microsomal suspensions [19] , the high activity of P-450ALC toward this aromatic amine was not unexpected.
Comparison of P-450 Isozymes in Alcohol Oxidation
The activities of the various P-450 isozymes from rabbit liver microsomes in ethanol oxidation are shown in Table 2 . P-450ALC is clearly the most effective, but it should be noted that the other five isozymes have weak but significant activity. Under the conditions used the reductase alone had only trace activity, presumably via a hydroxyl radical pathway [19, 29, 30] .
lmmunochemical Evidence for Role of P-450 in Ethanol Oxidation in Liver Microsomal Membranes
We have recently made use of antibody to P-450ALC produced by immunization of yearling female sheep to de- The reaction mixtures were as in Table 1 , except that P-450 was omitted when the activity of the reductase in ethanol oxidation was assayed. Table 1 . For the microsomal system, rabbit liver microsomes from ethanol-induced animals (0.27 mg of protein) and 1.0 mM NaN:~ were present, purified reductase and P-450ALC and phosphatidylcholine were omitted, and the level of preimmune sheep lgG was adjusted so that with varying anti-P-450ALC IgG the total lgG concentration remained constant (10 mg of IgG protein/nmol P-450).
termine the role of this enzyme in alcohol oxidation in hepatic microsomes from ethanol-treated and untreated rabbits [ i 1]. As shown in Fig. 1 , the addition of anti-P-450 resulted in greater than 90% inhibition of alcohol oxidation by this purified isozyme in the reconstituted system and up to 75% inhibition of the activity of microsomes from the ethanol-treated animals. In experiments not presented here, the inhibition of the acitivity of microsomes from control animals was only about one half as great. The residual activity seen in the figure at maximal concentrations of the antibody most likely represents the sum of the activities of P-450 isozymes other than P-450ALC present in the microsomal preparation. Thus, the results indicate that the enhanced monooxygenase activity of liver microsomes as a result of ethanol treatment represents catalysis by the induced cytochrome, P-450ALC.
Role of P-45OALC in Toxicity of Foreign Compounds After Ethanol Administration
Ethanol-drug interactions are known to be complex [12, 18] , and ethanol administration to animals or man is recognized as possibly affecting the normal metabolism or the toxicity or teratogenicity of other foreign compounds [23] . Some such changes involve the P-450 system, but much remains to be learned as to which isozymes are involved as to whether induction of P-450ALC is primarily responsible. Some well known examples of the effects of chronic ethanol consumption are: increased hepatotoxicity of carbon tetrachioride [8, 27] , acetaminophen [17, 25] , and cocaine [26] , and increased metabolism of methadone in rats [2] , hematotoxicity of inhaled benzene in peripheral blood, bone marrow, and spleen cells in mice [l] , and variable effects on drug metabolism and toxicity in human alcoholics [22] . We have recently compared the activities of our isolated P-450 isozymes in acetaminophen activation as measured by formation of the glutathione conjugate [20] . Isozyme 4 was most active, followed by 3a and 6, while isozymes 3b and 3c were much less effective and 2 produced only trace amounts of the conjugate that were too small to be determined accurately. It should be noted that, after alcohol treatment of the rabbits, the three main P-450 cytochromes present in microsomes are the one that could contribute most strongly to the hepatotoxicity of this drug.
Terminology
As already indicated, the overlapping substrate specificity of many of the mammalian P-450 cytochromes has made a system of nomenclature based on substrate specificity generally unsuitable. Almost all laboratories working with rabbit liver microsomal P-450 have agreed to use the numbering system based on relative electrophoretic behavior [9] and to exchange purified cytochrome preparations when doubt exists about the possible identity of enzymes having similar electrophoretic behavior but known to be induced by different agents and to catalyze oxygenation of any of a series of substrates depending upon a particular investigator's interest in drugs, carcinogens, anesthetics, or whatever. Characterization by peptide mapping and NH2-and COOH-terminal amino acid sequencing has proved particularly helpful in establishing identity or nonidentity [4] . Thus, the P-450 cytochrome induced by ethanol and exhibiting high activity in ethanol oxidation was designated as isozyme 3a by its electrophoretic behavior and is readily compared with cytochrome preparations obtained with other inducers by peptide mapping and by its known amino acid sequence [10] : NH..,-Aia-VaI-Leu-Gly-Ile-Thr-Val-Ala-Leu-Leu • • • Vai-ProLeu-COOH. In view of the desirability of indicating function where possible, we have also designated P-450 3a as P-450ALC to indicate its role in the oxidation of alcohols, particularly ethanol. Since the other rabbit liver microsomal P-450's have much weaker activity toward alcohols and relatively high activity toward other substrates, they will continue to be designated by the numbering system or, where appropriate, by subscripts to indicate their preferred substrates.
The alcohol-oxidizing enzyme system under discussion is designated as APO for "alcohol P-450-oxygenase," a term that suitably indicates the nature of the oxygenating catalyst and is comparable to ADH for alcohol dehydrogenase. The term APO has the advantages of indicating that alcohols in general are substrates, not just ethanol, that the P-450 family of catalysts is involved, and that the mechanism is one of oxygenation. The term MEOS for "microsomal ethanol oxidizing system" proved useful in the early days of investigation of this pathway but has the drawbacks of emphasizing microsomes (whereas P-450 also occurs in mitochondria and nuclei), of designating ethanol (whereas the system has much broader substrate specificity), and, of greatest concern, of referring to an unidentified oxidizing system. Designation by a term that specifies "P-450" immediately brings to mind the chemical and physical properties of this unique family of hemeproteins as well as its role in the metabolism of an almost unlimited number of lipids and other xenobiotics as well.
